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REMARKS 

Favorable reconsideration, reexamination, and allowance of the present patent 
application are respectfully requested in view of the foregoing amendments and the 
following remarks. 

The Rejection of Claim 1 Under 35 US.G §112, ^paragraph (new matter) 

Claim 1 was rejected under 35 U.S.C. §112, first paragraph for allegedly 
containing subject matter which was not described in the specification in such a way to 
reasonably convey to one skilled in the relevant art that the inventors, at the time the 
application was filed, had possession of the claimed invention. The Examiner alleges 
that the specification does not provide support for proteins with an amino acid sequence 
having 80% or more homology with SEQ ID NO:2 that has no disclosed function. 
Applicants respectfully disagree with the Examiner's assertion; however, have amended 
the claims to add that the amino acid sequence of SEQ ID NO:2 also has an activity of 
binding to sucrose (see page 10, lines 7-1 1). The claims, as currently amended, clearly 
provide sufficient structural definition of the protein, as well as functional definition, 
such that the specification adequately describes that which applicants are claiming. 
Applicants assert that there is now sufficient structural and functional definition in the 
claims, and combined with the functional limitation regarding sucrose binding activity, 
applicant's assert that one skilled in the art is able to reasonable conclude that applicants 
were in possession of the claimed invention at the time the instant application was filed. 
For these reasons, applicants respectfully request withdrawal of the rejection. 
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The Rejection of Claims 1 and 4-7 Under 35 U.S.C. §112, 1 st paragraph (written 
description) 

Claim 1 was rejected under 35 U.S.C. §112, 1 st paragraph for allegedly containing 
subject matter which was not described in the specification in such a way to reasonably 
convey to one skilled in the relevant art that the inventors, at the time the application was 
filed, had possession of the claimed invention. The Examiner alleges that claim 1 
encompasses a genus of proteins, including many functionally unrelated proteins. 

Applicants respectfully disagree with the Examiner's allegations, however, in the 
interest of advancing prosecution, applicants have amended claim 1 to recite the sucrose 
binding activity of the claimed protein. Applicants point out to the Examiner that she 
indicated on page 2 of the Official Action that "the specification provides support for 
proteins with an amino acid sequence of 80% or more homologous to SEQ ID NO:2 and 
having sucrose binding activity". Therefore, applicants assert that the claimed invention 
is adequately described and supported. 

Furthermore, the "Synopsis of Application of Written Description Guidelines", 
posted on the USPTO web site, state that a claim to a genus may be adequately described 
with only one exemplified species if a functional definition for a specific activity for the 
claimed species is present in the claim (see Example 14 "Product by Function", pages 53- 
55). This is the identical situation as to Example 14 in that a genus of a protein is 
claimed, and a specific function for that protein is also claimed. Therefore, the subject 
matter of the claim is adequately described. 

For these reasons, applicants respectfully request withdrawal of the rejection. 
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Claims 4-7 were rejected under 35 U.S.C §1 12, 1 st paragraph for containing 
subject matter which was not described in the specification in such a way to reasonably 
convey to one skilled in the relevant art that the inventors, at the time the application was 
filed, had possession of the claimed invention. The Examiner alleges that while the 
hybridization conditions provide a structural limitation, the encoded proteins of claims 4- 
7 may have various activities other than binding to sucrose. The Examiner also alleges 
that the specification only discloses a single species of the claimed genus, nucleotides 
3779-5761 of SEQ ID NO: 1 encoding the sucrose binding enzyme II of the 
phosphotransferase system (PTSII) from Brevibacterium lactofermentum of SEQ ID 
NO:2. 

Applicants respectfully disagree with the Examiner's allegations, however, claim 
4 has been amended to add the functional limitation that the claimed DNA encodes a 
protein having an activity of sucrose binding enzyme II of the phosphotransferase system 
from Brevibacterium lactofermentum. Furthermore, the "Synopsis of Application of 
Written Description Guidelines", posted on the USPTO web site, state that a claim to a 
genus of DNAs may be adequately described with the recitation of stringent hybridization 
conditions if a specific activity for the encoded protein is present in the claim (see 
Example 9 "Hybridization", pages 35-37). Claims 4-7 represent the identical situation as 
to Example 9 in that a genus of a DNAs is claimed, and a stringent hybridization 
conditions are specified, as well as the specific function for the encoded protein. 
Therefore, the subject matter of the claim is adequately described. 

For these reasons, applicants respectfully request withdrawal of the rejection. 
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The Rejection of Claims 1 and 4-7 Under 35 K51C §112, 1 st paragraph 
(enablement) 

Claims 1 and 4-7 were rejected under 35 U.S.C. §1 12, 1 st paragraph for allegedly 
failing to provide an enabling specification commensurate in scope with the claims. 
Applicants would like to point out that the rejection on page 5 of the Official Action is in 
direct contradiction with the statement on page 2, whereby the Examiner states "the 
specification provides support for proteins with an amino acid sequence of 80% or more 
homologous to SEQ ID NO:2 and having sucrose binding activity". The Examiner states 
on page 5 that the disclosure is only enabling for claims limited to a protein of SEQ ID 
NO:2 and a DNA of SEQ ID NO:l. This is a direct contradiction, and applicants request 
clarification. Applicants will completely address this rejection, however, in the interest 
of advancing prosecution. 

As stated above, applicants have amended the claims to add the function of the 
encoded protein, and specifically in claim 4, the specific activity of the protein from 
Brevibacterium lactofermentum. It is asserted that the claims are now commensurate 
with the enablement provided by the disclosure in that the number of protein and DNA 
species encompassed by the claims are of a number that is reasonable when evaluated 
under the Wands factors, particularly in view of the predictability in the art, and the 
abundant guidance in the specification (see page 9, line 21 - page 1 1, line 10, and the 
examples), and the functional definitions now present in the claims. Applicants assert 
that the experimentation necessary to practice the invention is not undue in light of the 
breadth of the claims as amended and in view of the disclosure. 

Regarding the Examiner's assertion that the specification fails to provide 
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information regarding mutations which could be made in the DNA sequence, and retain 
the ability to encode a protein with the requisite activity, applicants have provided 
evidence in the form of the attached literature reference, Chen et al. Infection and 
Immunity, 61:2602-2610 (1993). This reference shows functional domains of sucrose 
binding specific enzyme II (EII SUC ). Specifically, figure 6 indicates amino acid sequences 
of Elf uc from Streptococcus sobrinus and Streptococcus mutans and consensus sequences 
of these proteins- These alignments indicate 39% identity in the N-terminus region of 
460 amino acids (see 2607, left column, 1 st paragraph). Such comparisons indicate that 
an upstream consensus sequence exists and therefore, indicates a functional domain. 

Such information provides guidance to the skilled art worker in determining 
which domains of the claimed DNA/protein are amenable to change or mutation, while 
still retaining sucrose binding activity. 

In light of the amendments to the claims and the above arguments, applicants 
assert that these rejections are moot, and respectfully request they be withdrawn. 
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Conclusion 



For at least the foregoing reasons, Applicant respectfully submits that the present 
patent application is in condition for allowance. An early indication of the allowability of 
the present patent application is therefore respectfully solicited. 

If Examiner Slobodyansky believes that a telephone conference with the 
undersigned would expedite passage of the present patent application to issue, she is 
invited to call on the number below. 



It is not believed that extensions of time are required, beyond those that may 
otherwise be provided for in accompanying documents. However, if additional 
extensions of time are necessary to prevent abandonment of this application, then such 
extensions of time are hereby petitioned under 37 C.RR. § 1 .136(a), and the undersigned 
hereby authorizes any such charges to be charged to the credit card recited in the attached 
PTO-2038. 



U.S. P.T.O. Customer No. 38108 

Ajinomoto Corporate Services LLC 
1 120 Connecticut Ave. 
Ste. 1010 

Washington D.C. 20036 
202.457.0284 (voice) 
202.457.0107 (fax) 

Date: September 7. 2004 



Respectfully submitted, 




Shelly Guest Cermak 
Registration No. 39,571 
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Sequence Analysis of scM and «;rj? from Streptococcus 

sobrinus 6715 

YJ.VWAN M. CHEN. LINT>A N, USE, and DONAJJ3 J, LeBLANC- 

Department of Microb\olo&> Vnivenify vf Taos Health Science Center at Sen Antonio, 
7705 Floyd Curl Drive, San Anionic*, Terns 75234-7738 

Received 19 Novcmfccr lWAcccpicd 16* March 

The compkie nucleotide ***jueiic*s of Screpukocuts sobrimii 671S xaA aod sc/B, which tacad* *ucrwe~ 
Jpeeific wMXjmm U of (he phosf>bcroolpyruv&t*Hfcpcndeo I p&osphotransfcrare rjiieto tad sucrae-tpbocpaate 
hydrolase, respectively, b*v* been determined. These two ^torr were Inscribed divergently* B pd (he 
loitUUvo eodoas of ih« two open reading frame! were 192 bp Apart. The transcriptional mruatron riles were 
determined by primer extension analysis, and th< putative promoter regjtooi of these two gws overlapped 
pBitU%. The gene encodlas enzyme *a&4, contained 1,89$ nudeotttes, aod the moJecnlar nasi of the 



predklod protein was 66,529 »«. The hydropathy ptot of the predicted amian add seouenee indicated thai 
enzyme II s " m» a relatively hydrophobic protein, the gene encoding sucrw^pWpiute hydrolase, s^rB, 
contained 2,437 nucleotides. The molecular hmvs of the predicted protein was 54,501 Da, aad the encoded 
corvine was hydraphlUf- The predicted amino add sequences of tfa« tw» ©p*n radio* km*s exhibited 
approximately 45 sod 70% identity wiUi those encoded hy jicM »*d «r£, respective^, trom Srtpioopccus 
*uu*n* GS5- Homology also was observed between the N-teroriorf rcsJoa of the SL sobrinus 0715 e&evmc H 16 * 
and other tarymc lb specific far the ghicopyraaoride molecule, all of which fencrate gl<»copyrsoosfde-6~ 
pfcosphate during translocation and phospherylatifta af the respective substrate*. The sequence of the 
C4erininal domain of the 5. sobrinus IW1S .oaym H** shared secant fcomolofv w&h ca*vmc HT"* from 
EschencMA cod and SdniiMmll* typhlmuriw* and with ihc C-tevmSnnl domain of eozyxft* from JSL cWL 
mdlcnua$ ual the two fractional domains, cmrvmc B*** and vujme were covalenfjy jinked as a single 
polypeptide to 51 sobrinus $715- The deduced amino acid sequence of ib* a*ae product of 5. sobrinus scrB 
ebnrod iiroaj bomotejy vrSth suerase from AutfW iuM^, KUMelia pntumoniae, and Wo/io alginotyrktu, 
su^ccibng eor^exraUoo based oa tae pby*kJogj a ] rcjej of these protekuu 

Mutanj st^occwa (MS) have been identZfled ae the ing Ell«-\ jrewd, and inicrdsc^-phosphaie. hydrolase. s<r&. 
piinopal etkolopol o^cnw ofdcnttl caflea, and tho rignW- have been doaed from cw D human cariogenfc paUwMo*, 
eaoce of sucrose mciaboUsas by ihcso orsanisms ra their Streptococcus mutant CSS 26, 39) and Stnlptoc^eZ 

provides an eximcdlutar carbcw sourcVwhich can oc oie- 9 s *** 1 » ^f/ 65 h «™ te ©' Eni^cpcndent EIP^ 

taboJIzed during pexwds ofslnrvfltjon (3, 4^). Hcwevcx. only 5? und ? n ^ CiUus **btWs and Escherichia coR, and tbc 

a amall patcentage of available sucrose Is processed to C-tennuial sequcnecs shaie homology with £m OWr of Sol- 

prodnoo exopolyrnors; most of tho sucrose to tho environ. m ^ Ua ^ £mu/i<im and C terminus of £1 eoZi EJJ Btl 

mcnt is efficiently trao^portcd into and metabolized by MS. P 5 )- These rcsvlts sa£geai thai din sucrose PTS-spceific 

Tha primary mechanisacn for sucrose uptake by MS, at component of 5, mutant CSS is £111 independent (39). 

least at low substrate ooneeniration, is the h(f>afluiity Homology ulna was c^teeted betveon £. /nutans GS5 jcr£ 

r^sphjoenoipyr Arv ate-depcjident phosphouansforase sys» v*d jr. subrUis socA f both genes encoding enzymes that use 

tern <sucrose-PTS; 19. 27, 43-45), by which sucrose is sucrose as the substrate (3fl). Comparable geoetk mfoxma^ 

ooaoomitantly transported and pboaphorylated by the aetiv- tion has noi been reponcd for 5. sobrinus 0715. 

iry of a membrane-bound permease, the sucrose-specific In a previous study, wc suggested that a 4,2-kb DNA 

en^me II (EIP*^, The phosphorylaicd sucrose Is then fragment isolated from A /oMrua 6715 genomic DNA 

hydrcdyjed by siicTose^pbcwplijtc hydrolase, yialdinr 8 lu- panioJly digested ^b *uj3a may conuia both serA and 

rwT^ ^ d K f ^* C ^ ^', Ti, . t ^^llsm of sets. tL obsexvaUon was bascdS the cx^Jon^mi 2 " 

L^du^ 5^3!^?^^ c^yoolysi, Totulw in the and S uer«e-*^phosphale hydrolase netrvSijcVby iUietococ- 

^me^i:^ fnc^o^ 

'* 5 the ability of such transformants to jtow at the expense of 

sucrose (5). In this study, we present the results of nucle- 

-r^r— — otide sequence analyses of the chromosomal repon of 5. 

torrcspondma auUior. sobrinus 6715 containing scrA and *eri. 

2603 
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ac/yl AND scrB FROM £ SCBRINUS 6715 2603 



MATERIALS AND METHODS 

Baeterial strains, media, and reagents. TWoZ~ mcn> subsp. 
kctfi LM0230 transfbrmantt (MC127-1 and MC 127-2), 
which harbor a 4.2-kb 5. x^Hnur-dcrivwi DNA fragment 
encoding ElT** f and sucrose^prKttphale hydr olase, were 
described previously (5). The 4.2-kb DNA fragment wi» 
cloned in opposite orientations fn relation 10 the vector 
sequence m that two transforments. Those strains -were 
grown routinely at 37*C in a chemically defined medium 
(PMC J47J) with 0.535 H2 amine (1CN Nutritional Biochcm- 
icals, Cleveland", Ohio) substituting for all amino acids, 10 
roM sucrose, and spectinornyeto 41 500 HgAral. £ co// strains 
were grown la JJB medium (36) containing, when indicated, 
specunomycirt (75 ng/ml) or ampjcOIin (SO jA£/raH. All chem- 
ical reagents and antibiotics were obtained from Sigma 
ChemicaJ Co. (St. hauls, Mo.) and 1CN Biochemkals Inc. 
(Irvine, C*M\ respectively. All restriction endoouekases 
were obtained from Ufc Technologies, Inc. (Gaithersburg, 
Md.). Alkaline phosphatase from calf intestine, nuclease SI. 
polynucleotide JonaSe* KJenow fragment of DNA poiy- 
merasc I, T4 UNA tig**** avid Moloney murine leukemia 
virus reverse transcriptase also were purchased from life 
Teojmologfes, mc- a-*%-dA7P 0,000 Cl/mawJ) and 
hf^P]ATP (4,500 G/mmol) were purchased from NEN" 
Research Products (Boston, Mass.) and ICS Biochemical 
mc > rcspcctivoJy. 

Plaifnud construction, DNA purification, and DNA *ajiia»c* 
Tag. DNA fragments internal to the d.2-kb fragment obtained 
After pantol digestion with SeulA and the 2.7-kb fragment 
obtained after complete digestion wi<b JflndlTl of S. SttbviW 
6715 genoimc WA (5) were subeloncd onto pGEM2f vec- 
tor* (Prorocga Corp,, Madison, Wis.) or pD]_27S (21, 22) 10 
generate single" or doubJcsuanded DNA for sequenemg. 
Nested deletions of appropriate doubles trended fragmcno 
were obtained by the method of Hcnikoff (18). Nucleotide 
sequences ware determined by the didecay chain termina- 
tion method (37) with DNA templates from single- and 
double-stranded phagemid DNA or double-stranded plastrud 
DNA purffied from el cob as described before fa. 50). 
Sequencing reactions were initiated from the pUOM13 
17-mcr unrvctsal forward sequencing primer ox the reverse 
sequencing primer, using o^S-dATP. The sequences of 
both DNA strands were obtained. PNA sequence analyses 
were performed with the MieroGenie program (Bcckman 
Instruments, Palo Alto, Calif.) and Genetics Computer 
Group* (University of Wisconsin, Madison) package: (7), 

RNA belasioD. Total cellular RNA from JL tacils sibsp. 
toctis LMQ230 rjandbrmanu was isolated as described by 
GaW et aL (12) with modifications. Bacteria wc grown at 
37*0 to early ^exponential phase in FMC medium (47) with 10 
mM IHhreonine, JO mM sucrose, and spectinomycin at 500 
M«/ml. Cells were treated with lysoaymc ($ ro g per 50-ml 
original eulture volumc).for 5 min at 3TC, and 10% sodium 
dodecyl sulfate was added to a final concentration of 
Total cellular RNA was then purified from the iysate (12] B 

Primer extension aoaryvi*. The acrA and scrB transcript 
Uooal start sites were determined by primer extension anal- 
ysis, usmg oligonucleotides described In Results. The pro- 
cedures and solutions used were those of Yeung (50) with 
modifications- Fifty micrograms of total ccitutar UNA was 
used m each reaction. The mixture of RNA and the S'-cnd- 
Jabeled ribonucleotide was healed at P5*C (or 30 s and 
then incubated at arc (primers Al. B1, and £» or 42'C 
(primer A2) for 30 min to allow complete annealing. The 
synthesis of a ct>NA scand was carried out in 50 mM 
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TtO. 1. scr region oX the x Md&rinus (715 Chromosome. A 
rdtrtciioo cndoaudeaic map of the ohromosoaul rcgioo conbdmng 
rc&4 and U showo en the top line. The relative* location* and 
iranscripuoiuJ direcrrons of xoaf xn&tvB uc bidicued by berizon- 
u] urvws. The liuaiu of ibe DNA sequcnec shewn in Fig, 2 are 
■odicaiod by vcnjcnl arrows. The 4.2* and 2.7-kb DNA fragmenis 
dewed directly from S. sebwuv 6715 genomic DNA, and from 
which subclones were obtained (Or sequencing purposes, at* indi- 
cated below ibe map. H3. //«d!U. 1 



Tns-HG (pH fi,3>-7S mM KC1-3 mM MgCl^-lO mM ditbio- 
ihreitol^ with 200 U of Moloney murine leukemia virus 
reverse transcriptase and 10 mM deoxynudeoside triphos- 
phate. Products extended wem analyzed along with a DNA 
seejvcnemg reaction, using the same primer 00 a 6% poly 
ncjylamidc gel. 

Nueteetide seejueoca ncressfea numbers. The sequences of 
jtcM and scrB from 5. fobrinus 6715 were submitted to 
GcnSank and assigned aoecsston numbers L06791 and 
2X6792, Yespcotively. 

RESULTS 

LocaJiaauon of rend and sarB oa the S- sotrUua ehrama- 
Jeme* The nudeo^de sequence of the 4.2-kb DNA fragment 
revealed 00c complete open reading frame (ORF: ORF1) and 
the 5 r end of a partial ORF (ORF2). The sequence of ORF2 
was then completed with sequences from the isolated 2 7-kb 
HMO! fragment which overlapped the 4JMtb DNA frag- 
ment (Fig. ly. The two ORFs were separated by 192 bp 
(nucleotides im to 1S3Q) and transcribed divergently (Fig. 
2). Because sequence homology existed between ORF1 and 
J. mulojv OSS scrB and between ORF2 and S. mutons CSS 
scrA, ORF1 and ORF2 were designated serS and scrA. 
respectively. 

Kodaotlda semitBee aulysis of s*«A. ORF1 (senB) con- 
rnnjed 1,437 bp. similar to X muians OSS scrB 0,363 bp 
Approrimatery 70« sequence identity was observed 
between these two alleles. The complete DNA sequence of 
scrB and the deduced amino acid sequence arc presented as 
the strand complementary to the reading strand in Fig. 2. 
ORF1 began who an ATO initiation codon (nucleotide 163$) 
and ended with a TAG termination codon (nucleotide 201) 
that encoded a protein with a calculated molecular weight ef 
54*501, The potential £. cp/T consensus Shine-Dalrarno 
sentence, AGGAGG (nucleotides 1653 10 1648), was located 
9 bases 5' to mo ATG codon. 

The transcriptional initiation site for serf was identified by 
pnmer «er^ojnjjia rysis,. using two oligonucleotides. 

feSI ^f^?* 1 ?^!^^^ 0 - 3 ' (nucleotides 
15W to 1610), is located 29 bases and primer JB2. 5'- 
CCaGTCCTCaTAGGCTC-3 ' (nucleotides 1520 to 15m is 
located 102 bases 3' to the translation* i start site. Two major 
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XlftAY*DDZVX&£&SYT H S T 

CCC7A^«AJCTCWCAACCCCAAT^ >M 

"*©*AWyAQtA^Y C )S y G F 0 L 

icc^xe^ccraoo^^^ 10.0 



3300 



2*0© 



2700 



PAGE 15/21 * RCVD AT 9/7/2004 1 :38:17 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/6 * DNIS:8729306 * CSID: * DURATION (mm-ss): 10-10 



SEP-07-2004 13M3 

2UU4 ua/u3 2 13:41 m £ 



PJINOMOTO CSLLC 

m 



?0442449619 



P. 16/21 
lg|UU0/UlJL 
# 5/10 



Vol. 61, 1999 scrA AND /er* STROM 5. SOBRMUS 6715 26&S 



W P F W P 



X(2t.X>AX*XA 

crcACcrrrxAt^ntyuxcwgwccc 



XSAXLXALAYFSA 
AAWACWCCAAAcmAACCXCTrOCTTATOCA'I 



LX*£AATAGqVCAVLA.VAYKT 

jcauicTt^K^TCAcaiosca^ i9 oo 



L S X 



A2i6X?£pAXFGVlfX.KYC 

;CTCTTG«aria<»CAAcccccfiATCTTeccccttA 



3000 



kF7VMCr.VCC£ACCrZAALVCLXATGHSVTVZ.P 
*AACCAttTTCT?ATC^CCCr^^ 



C L L L r I H 



S Q M P « Y I V C ZTVACAXArALTrYV«VA 
■TTgtCAMTCCCAATCTATAI-XiLt I ICeATC^CACyACCCTOTCCrAT ece y rt CflCSPTT^ 32P0 

OKEtOVSAKKPKAPAAAfVAjlTETKSEVIXCJrL 
C W » » re fc ^ *ACA O CTArCtCC*A»AAACOCrCAW 330Q 



P- C 2 



TOC*CCIWCyAACCTAAAXQAI 



v y s 



fSAXGKOZATXJTtiGKTV 
kOTAMCYAICCttEAAACC^A^^ j4 DD 



V_$ > _ y_ ft c t y 0 1 a r 'tghayclksdivcacvlziivct 

ATTCACCOCTTAXyCCT»CCCTTCACA3 AVCJ I'fTCAAACACC^waTCCtTACtS^^ 



asoo 



_ _P_ T V < XtfCTCFDGKVAAHQTVXVGDVLtfT » O « x * 



3 ACACl*SDTTMV3XTNTADYSCVKVT.&&«-n-r « m 



39 0O 



a ™l m 2 'J^l^ add «fl"«nce< of the *e*l *»d *c/3 region of & tobrimu 6715. The reraiivt Jocaticm of this 

seqvot CcOn the cbrvanttoiniJ map b IndteiTed is Fifi. I. The two ORFs were 1« bp apart and transcribed divcmmlv > &m ^To^te X)!Sa 
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signals, 114 bases and 152 base* (r*-) 5* to the ATG 
Stic, corrapoodiofc 10 the T residue and the O residue at 
nucleotide! 1753 and 1790. respectively, were observed 
consistently wj'th primer Bl with toul ccUuUr RNa isolated 
from MCX27-1 and MCU7-2 (Kg. 3B). bfo sfcnal was de- 
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WO. 3. exttwution awlys'is of «^ (A) and ffi) 

Jfjntcnpti. RNA was Mated from M027-1 Qaoe 1) and M027-2 
Oane 2>. Radio!ibe»ed oh^oroclcotSde* were incubated Mib lU 
RNJC and Die eDNA Was Synthesized by the activity of reverse 
iraucnpu5c as deaenbed in Material* and Methods. The Same 
oiL £ onuc^oird« were uie'd to prime dldco*? vquendne prrnlucu 
mam a DNA tcwptoic tbar oaatalacd the stzA and junerion 



tected when primer B2 was used. Two pot*5b) c £. coU 
v -type promoier re^ons cojTC5pondio$ to each sign*] were 
located 14 bases 5' to P,^ TTGAAA-N^ -TATTTT, and 19 
base* 5' to J> bl > TTGTTA^TAAATr (Fi^ 2) (16). The 
sequences of these two putative promoter regions are ho* 
motogDUJ to the coU consensus, but the Spacing between 
-10 and -35 sequences is rather Jong (Id). An inverted 
repeat which may be (ho transcriptional terminator for sc r B 
was observed 3' to the scrB cenntnation codoo (nucleotides 
136 to 146 and 153 to 163). The. calculate^ free enersy of this 
siem-bop structure was -6 lecal (ca. -25 JJVraol 

TY* hydropathy plot |20) of the deduced amino acid 
sequeBco of seyj? (Kg. 4B) indicated that the protein was 
relatively hydrophOic The amino acid composjiton of this 
protein sumM that if was sKghtJy acidic {1S.1% acidic 
versus 8.7% basic amino adds). 

Comparison of 5. mbrinus (715 socr oie-6Vph oapbate hydro- 
lase with other proteins. The deduced amino add sequence of 
sucrose-phosphate hydrolase from 5. sobrinus 6715 was 
enmparod with that from & mutans G$$; 70* sequence 
oomoSo^rwas observed between Ihese two proteins (Fit S) 
Th« suggested that ibese two pc4ypepdd« may have Wo 
derived from z common ancesxor. Extensive homology was 
observed throughout the entire protein except for a stretch 
af 25 ammo acids (amino acids 237 to 211) that was found in 
the S. Mbrinus 6715-eflooded protein but not in the protein 
encoded byS. muioxs CSS. The primary seme cure of S. 
sobrinux 67X5 sucrose (^phosphate hydrolase was compared 
wath those of other enzymes exhibiting sucrose hydralytic 
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FIG. 4. Xyw and Doolinle (20) hydropathy ploi of the Ell* 8 ' (A) 
and sucrottsA-pbospaite hydrolase (B) predicted byjoyl and «S 
respectively, of & tcbrinus 67J3, * 



acuvity. Sequence Identity of approximately 35% to the 
entire sucrase sequences of t-SWo algbtofyticus (41). /Gei>- 
ficlla. pneumoniae* end 5. subutis was detected (10). Lesser 
homology was observed with £. co// sucrose hydrolase 
(28*) (1) and tymcmonas mobilis sucrase <?5%) (14). 

Nucleotide sequence sash/*!* of Jcr^i. The partial sequence 
of the 2.7-kJ> /fodm fragment, which hybridizes to S. 
mutoAs GS5 jcn4 under conditions of low stringency and 
was described previously (5), revealed an OR*. suA, of 
1,896 bp encoding a protein with a calculated 

molecular weight of G6>529. Approximately 60% homology 
was observed between the two alleles from S. /nutans GS5 
and 51 jonHnur 6715. The complete DNA sequence otscrA 
(ORF2) and the predicted amino add sequence of the 
putative protein produce are shown in Fig, 2. ORJR2 started 
at an ATG (nucleotide 1831) and ended at a TAA (nucleotide 



3727). A potential £. coli Stint-Dalgerno sequence, AG- 
GAG,, was four, d 10 nucleotides S ' {nucleotides 1817 to 1820) 
to the ATG sum codon. 

The y end of ihe mRNA transcribed from scrA was 
mapped by primer extension analysis, using two oligonucle- 
otides complementary to Ihe coding strand. These rwo 
primers, Al (S'^CGCCTAACG CTTCCATGA-3 ^ and A2 
(5^CCtGAGTTAAAGAACCCTC03') a were located 29 
end 156 bases 3' to the iransbtrona) start site, respectively. 
The y end of the transcript was identified by using both 
primers with total cellular RNA isolated from MQ27-1 and 
MCL27-2 (5), The cDNA extension product indicated that 
the G residue nucleotide 177$) located 51 bases 5' to the 
ATG start she was the transcriptional initiation site Corset 
(Fig. 3A), The promoter-like sequence TTGACA-Nix- 
TAAAAT indicated in Fig. 2 was located 6 bp 5' to the G 
(fid (lo*)* Two inverted repeats which may function as the 
transcriptional termination sites oUerA were observed 5 and 
45 bases 3' to the TAA termination radon, lie estimated 
free energy values of these secondary structures were -20 
kcal (ca. -84 ktyraol and -$JS kcal (ca. -41 UVmoL 

respectively. 

The predicted EI!** contained 5256 hydrophobic, 31% 
hyOTophiHe, m positively charged; and 9% negatively 
charged amino acids. Thus, Ell 3 " appeared to be a rela- 
tively hydrophobic protein. These 106 charged amino adds 
were concentrated mostly in the NT-terminal 110 amino adds 
(containing 32 charged amino adds) and C4erminai 122 
amino acids (containing 42 charged amino adds), indicating 
that they arc the bydrophflic regions. The hydropathy plot 
(20) of the deduced amino add sequence o(scrA (Fig- 4A), 
confirmed that the hydrophobic domain was located between 
amino adds 110 and 455, Several prominent hydrophilic 
domains were identified in this region, suggesting that it 
likely contains more than one transmembrane domain. 

Comparison vf$. sobrinux 6715 Eat** with, ether proteins. 
The deduced amino acid sequence of Ell 3 " from S. sobrinw 
shared 43% identity with the S. muiatw EJJ** (39) (Fig. 6) 
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and 39» 36. and 3^6 Identity with ihc N*renrjinaJ doTj amino 
acids of JE. cotf (8, 40), K «fe*ic4)*fcur (2), ud A juorito 
EH (11), respectively. On the other hind, the Oterminal 
170 amino nefds of-& sebnnus EH^ exhibited 3755 horooJ- 
ogy with EttT* 1 of £. cofi and 5aWnriZa ryphimwium QM). 
These data indicated thai Ml** of & jcbrinus 671S r iiTte thai 
of X wufcinj GS5 (39), was an EXTJ-ia dependent protein in 
which tbc B31 add £UX functional domains arc covaieotfy 
linked as a single polypeptide. 

DISCUSSION 

Toe Isolation in £. <o/i and* Subsequent transfer to JL IacxU 
eubsp. Zaenj LM0230 of genes encoding EH*" (rcM) and 
sucrosc-l-nhodpaate hydrolase (so£) from 51 xoftrinur 6715 
was described prcviooily (5). In tbJs MOeV. the nucleotide 
sequences of boih genes were determined. The two genes 
were located adjacent 1o each other on the & jodnnur 6715 
chromosome and were transcribed divergently. A similar 
arrangement was reported in 5. mutatis GS5 ($9), These data 
would suggest that the two gem are not regulated as a single 
operon hx MS. However, the corresponding jtnes of A 
«uicc& and £L cofc are adjacent to each other on the 
respective chromosomes and are transcribed m Ibe same 
direction (8. 11). The arrangement of these two ecnes m ^ 
jobrwis 6713 is compatible with previous observa lions that 
the activity or EII*** is Inducible while the activity of 
suorosc-tf-phosphaTe hydrolase is con«riuUve (45, 46). 

A comparison of the amino add sequence* of sucxojc-6- 
phosphate hydrolase (ScrB) from 5. nMw 6715 and from 
£ muianx GS5 indicated that tbesa two proteins were hieWy 
conserved. The sucrose box, a consensus s«q«nco ccmrain- 
»ng nine amino acids proposed by Sato and Kuramtou Ofy 



and highly conserved aroenfc four sucrose hydrolytie eev 
zymes. also was idemificd m & sobriruis 6715 sucrosc-o- 
pho5phate hydrolase. We extended the comparison to other 
sucrose hydrolytie enzymes and found thai the sucrose box 
is highly conserved among alt sucrose hydrolytie enzymes 
examined (Fig. 7). A swetch of 25 amino acids found in the 
predicted mB product of S, jobrtnus 6715 bur hot in that of 
S. murans GSS (Fig. 5) may have been the result of insertion 
or deletion during evolution* 

Sequence comparisons among different £11 and EIU pro* 
reins demonstrate that EH complexes, the permeases of the 
PTS, gencxvlly consist of three structurally distinct domains 
(E0A» and -C) which together form a functional unit (34). 
The major hydrophOJc and hydrophobic functional domains 
contain bighry conserved consensus sequences for phosphor* 
yfctton and inter domain hiteraction^ although their arrange- 
ments way differ among the proteins studied {2X 24. 33-35). 



FIG. 7. ComjttnSioh o/ «uc«»e box region* among scv*n ouemsc 
bydrolyilc ocsymes. 5. sobrinus *crB end J. /«w«u rrf eneeek 
sscrose^hosphate hydrolase; A rufetfs rec4. K Ml&rtohrtet* 
^*.Kj>mmo«Sa*4<^ and 2- moOffii #ecH encode suereie and 

eel n»/2> eaeodea fluetose hydiolasc 
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In some cases, the three domains arc covalentry linked as a 
single polypeptide, with % total molecular weigh! of approx- 
imately 68,000, and are commonly known as J3IX. In ofhzr 
cues, domain EIlA, also known a$ £111, is a separate 
polypeptide containing the other two domains (EIIB and -C). 
These two polypeptides make up an ETT-EJII complex. All 
three domains may exist as three or even four distinct 
porypeptides (23, 24, 33, 35). The three domains of EU <W 
consist of an terminal hydrcphitjc domain, a central 
hydrophobic iransmembranc domain, and a C-terrniDal hy* 
drophiuc domain. These three domains were identified to the 
predicted amino add sequence of 5. sobrinus 6715 Ell 4 " 

(Ffc.6). _ 
The N-tcrminal hydrophilic domain of £ sobrinus HU 5 ** 
contained a consen sus sequence which was idernificd in the 
p-glwcopyranostdc FT5 family and centered around Cys-26 
€23* 24). Thb domain is located at the Oicrraina) end in 
ETJ° ,a and ED N ** (9, ft has been suggested by Lenficler 
et nl. (2d) that this region contains the amino adds which 
Interact with me EHI domain and most likely is involved in 
the phosphorylation of the substrate. It has been demon- 
strated in EIr" of E. cob that the highly conserved cystcj* 
riy) residue is tba second phosphorylation site during phos- 
phorylation and translocation of the substrate (29, 30). The 
central hydrophobic domain contained approximately 350 
amino acids and was found to be less homologous to other 
Ells- This region probaWy forms the transmembrane chan- 
nel (24) and contained a highly conserved consensus se- 
quence centering around a hisUdine residue (His-Slc*). The 
CITE motif, the function at which regain* unknown* also 
was observed in this region (amino acids 376 to 379) (24). 
The C-termina) hydrophilic domain. 170 amino acids in 
length, corresponded TO the waU-esttblUhed EUl We domain* 
During translocation and phosphorylation of PTS substrates, 
Ellis recognize HPr and are phospborylated at a single 
histidine reside, which is about 60 amino adds away from 
the C-ierminal end. This nistidmc residue is located within a 
highly conserved consensus sequence (33). This consensus 
sequence WAS found between amino adds 579 to 593 of £ 
Sobrinus C71S Ell 4 ** <Rg. 6) and was identical to that in £ 
mutant CSS 531*". Sequence analysis also indicated chat 
60% homology existed between S. sobrinus 6715 EJP" and 
S. mutant OS3 EII*" in tms region* whereas much less 
homology was observed In the rest of the respective pre- 
dicted Elf*' protein. 

A class of mter domain linkers, Q linkers, also was identi- 
fied in 5. sobrinus 6715 Ell 5 ", between ihc central hydro- 
phobic domain and the C-terrjiinaS hydrophilic domain. Q 
linkers are commonly found in regulatory and Sensory 
transduction proteins in bacteria. They arc approximately 20 
amino acids in length and arc rich in proline, serine, gluta- 
matc, argfoinc, glutaratac, and alanine, but do not form a 
consensus sequence (4A, J9). This region has been identified 
in Elr** and EH™ in which a fro-AJa-tich sequence was 
observed (24). It has been postulated that this region may act 
as a hinge that provides flexibility to the domains (31)l A 
Pro-Ala- rich sequence was observed in the &. sobrinus 6715 
Ell*" at amino acids 464 to 4$4» between the centra) 
Hydrophobic domain and the C-ierrnirul hydrophilic domain. 
£U*" from S. sobrinus 6715* wim a calculated molecular 
weight of 66,S29, was larger than Elll-dependent Ella's 
identified in B. coti and B. subtilis by approximately 170 
amino acids, which is the wc of Eiil* 5 in SalmencUo 
syphimurium (28). Homologies between the N-iermm&t 462 
amino acids of 5. sobrinus EH Sflf ami £ coli or A subtilis 
and between the C-termlnal 170 amino adds of SL 
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sobrinus EH 5 * and Salmonella ryphimurium Eni 01 * also 
were demonstrated. In addition, the Typical O terminal se- 
quence, a hydrophobic residue followed by two charged 
residues^ that has been Identified in EIR-indepcndent His 
and all Ellis <35) was observed in S. sobrinus 6715 Elr 4 *. 
All of these data indicated that EVP** otS. sobrinus is an 
Elll-in dependent protein in which the two functional do- 
mains have bean fused as a single polypeptide. 

In a previous study, we identified two HindlU fragments, 
2.7 and 1 J. kb, from £ sobrinus 6715 genomic DNA that 
shared homology with 5. nutans QS5 scrA andserfi. respec- 
tively, under low-stringency hybridization conditions (5)* 
These two Hw&lU fragments were employed as probes in 
the identification of a 4.2*kb DNa fragment from a XgUO 
library of i sobrinus 6715 genomic DNA. The 4,2-kb 
fragmenr, when subcloned into an JL coli-Strtptococcus 
shuttle vector and transferred to a sucrose-defective deriv- 
ative mutant of JL iectis sAiosp. Uteris LM0230, allowed 
tmsformants to synthesize Ell 4 " and sucrose- 6-pnosphitc 
hydrolase aciivities and to grow well at the expense of 
sucrose. However, the results of subsequent sequence anal- 
yses of the 4 MSb DNA fragment indicated that thfe DNA 
fra^ateoi contained an intact scrB and only a partial scrA. 
This truncated N-tcnninal Ell s * r included the N*terrainal 
hydrophilic domain, which contained the highly conserved 
cysteine residue* and the transmembrane hydrophobic do- 
main, which contained the highly conserved histidinc resi- 
due, the CITE motif, and the proposed hinge region. It is 
possible thai this truncated Eli*" was able to translocate 
and phosphoryfote the substrate when an additional E2H 
function was provided by the host (24). The construction of 
an L. lactis subsp. iactis LM0230 transform ant containing a 
complete scrA, as welt t&scrD, from & sobrinus 6715 is in 
progress. The availability of such a construct will facilitate 
the further construction of scrA'* scrB and scrA scrB* 
mutants in facets Sutap; factis LM0230, which will con- 
tribute to our understanding of the functions and regulation 
of these genes* 
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